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Flavor Compounds in Country Cured Hams
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SUMMARY

A study was condueted to identify
the flavor compounds in country eured
hams. The volatiles were removed
from the hams by using steam distilla-
tion at reduced pressure and collected
on traps cooled with dry ice. The dis-
tillate was extracted with ethyl ether
and the ether extract was analyzed by
gas liquid chromatography. The car-
bonyl compounds were isolated from
the ham lipids by using 2,4-dinitro-
phenylhydrazine reaction columns. The
carbonyl hydrazones were identified by
using ultraviolet spectroscopy and thin
layer and ecolumn chromatography.
Tree amino and fatty acids were deter-
mined by gas liquid chromatography.

Compounds tentatively identified in
the volatile fraction included seven
carbonyl compounds, six alcohols, six
methyl esters- and three ethyl esters.
The carbonyl compounds found in the

" ham lipids were C;-Cy; n-alkanals, Ce-
C,, alk-2-enals and C, Cs, Ci, Cu, and
C,, alk-2,4-dienals. The degree of pro-
teolysis and lipilysis varied among
hams produced by different processors
and depended upon temperature and
length of aging. Total free amino acid
contents of the hams ranged from 59
to 153 mg/g, and total fatty acids
ranged from 49 to 180 mg/g fat.

INTRODUCTION

Many investigators have studied the
flavor components of fresh meats, but
only a few have investigated the flavor
of cured and aged meats such as coun-

try cured ham. It is known that the

precursors of meat flavors are water
soluble and converted to flavor com-
pounds during cooking of the meat
(Batzer et al., 1962; Wood et al., 1957;
Hornstein et al., 1960; Macy et al.,
1964). It is not known, however, if
the same is true for country cured
hams.

Initially, workers studied the chemi-
cal constituents of country cured ham
and related them to the flavor of the
product (Kemp et al., 1957; Fields
et al., 1955; Blumer, 1954). In 1964,
Ockerman et al. investigated the vola-
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tile flavor compounds in aged ham and
found the carbonyl compounds were
important in the flavor of the hams
and that their levels increased with
aging time.

Ockerman (1961) has shown that
degradation produets of protein and

fat increase during aging of hams.
These amino acids and fatty acids are

known to contribute to flavor of other
foods (Day, 1967) and could undoubt-
edly contribute to the flavor of country
cured hams either as flavor compounds
or flavor precursors. &

Our investigation was undertaken to
study the chemical constituents of
country cured hams that contribute to
the flavor of the product. The chemical
entities included volatile components,
carbonyl compounds, free amino acids
and free fatty acids.

EXPERIMENTAL

Preparation of samples. Fully aged
country cured hams were collected
from various processors in Missouri,
Georgia, North Carolina, Virginia and
Kentucky. The hams were cut into
cross section slices and: the slices sepa-
rated into fat and lean fractions. The
fat was rendered under a stream of ni-
trogen on a steam bath and used in the
analysis of fatty acids and earbonyl
compounds. The lean was ground,
mixed well and used in analyses for
fatty acids and amino acids. The vola-
tile compounds were also eollected from
the lean fraction.

Vacuum distillation. A 400-g sam-
ple of the lean meat was ground in a
Waring Blendor with 100 ml of dis-
tilled water, and the resulting slurry
was placed in a 1-L flask. The volatile
compounds were removed by steam dis-
tilling the sample for 16 hr at 60°C
under a partial pressure of 0.2-0.5 mm
Hg in a distillation apparatus similar
to that deseribed by Day et al. (1960).
The volatiles were collected by traps
cooled with dry ice-acetone mixtures.
The contents of the traps were ex-
tracted with 200 ml ethyl ether in a
liquid-liquid eontinuous extractor for
36 hr. The ether solution was concen-
trated to 2 ml by slowly removing the
ether with the aid of a fractionating
column head containing an electromag-
net set to remove the ether at a ratio
of 10:1. The fractionating column was

a 34-in. X 10-ft. column packed with
14-in. helices.

Gas liquid chromatography. The
volatiles were analyzed by gas ehroma-
tography and identified by comparing
the retention times of the resulting
peaks with those of known compounds.
Liquid phases used on the columns
were ethylene glycol succinate, Carbo-
wax 20 M, and silicone rubber (GE
SE-30). All columns were 4-in. X
6-ft. and packed with 15% liquid phase
on 60-60 mesh diaport W. All of the
liquid phases and supports were ob-
tained from Hewlett Packard, F & M
Scientific Division. An F & M Model
810 gas chromatograph with dual hy-
drogen flame detectors was used for
the analysis. The operating conditions
were: injector temperature, 199°C;
detector temperature, 236°C; column
temperature, 82°C for 11 min, then in-
creased at 8°/min to 170°C; helium
flow rate, 60 ml/min; hydrogen flow
rate, 54 ml/min; air flow rate, 333
ml/min.

Free fatty acids. The free fatty
acids were isolated from the rendered
fat and converted to methyl esters by
using ion exchange resin according to
the procedure of Bills et al. (1963).
The free fatty acids were extracted
from the lean by the procedure of
Hornstein et al. (1961). These fatty
acids were esterified to methyl esters
by using ion exchange resin. The con-
centrations of all fatty acid methyl es-
ters were determined by gas liquid
chromatography (Lillard et al., 1969).

Free amino acids. The gas liquid
chromatography procedure by Satter-
lee et al. (1967) was used to determine
the amino acid contents of the hams.
Fat and moisture contents were deter-
mined on the samples by appropriate
AOQAC procedures (1965). All amino
acid data were corrected for the per-
centages of fat and moisture in the
lean portion of the hams.

Carbonyl compounds. The carbon-
yls of the ham lipids were made into
2,4-dinitrophenylhydrazone derivatives,
and these were isolated from the fat by
using the procedure of Schwartz et al.
(1963). The carbonyl compounds were
separated into individual compounds
by using various combinations of col-
umn and thin layer chromatography
(Schwartz et al., 1963; Day et al.,



1960; Libbey et al., 1964). The car-
bonyls were identified by ultraviolet
and infrared spectroscopy and thin
layer chromatography.

RESULTS AND DISCUSSION

Initially, an experiment was econ-
ducted to determine if the precursors
of country cured ham flavor were water
soluble since previous workers had re-
ported that meat flavor precursors
could be extracted with water (Horn-
stein et al., 1960; Batzer et al., 1960;
Wasserman et al., 1965; Zaika et al.,
1968). A lyophilized water extract of
country cured ham produced a white
powdery residue that had a bland salty
taste. Upon heating the dry powder in
a water bath, an odor similar to roasted
meat was observed. A flavor similar to
that of meat broth was produced by
boiling a water solution of the powder.
At no time during the various heat
treatments of this powder was a typi-
cal country cured ham flavor and
aroma detected. This preliminary study
indicated that the country cured flavor
or its precursors were not water soluble.

Volatile compounds. The distillate
collected in the traps during the distil-
lation had an aroma similar to that of
country cured ham. This agreed with
the finding of Ockerman et al. (1964),
who obtained typical aroma from vac-
uum distilled ham.

Approximately 30 peaks were ob-
tained when the ether extract of the
volatiles was analyzed on the gas chro-
matograph. Twenty-three of these were
identified by comparing their retention
times with known eompounds on ethyl-
ene glycol succinate, Carbowax 20 M
and Silicone rubber columns.

Table 1. Compounds identified in coun-
try cured ham volatiles.

Carbonyls Alcohols Esters
n-butanal 1-methanol methyl
n-pentanal 1-propanol acetate
n-heptanal 1-hexanol propionate

1-heptanol hexanoate
1-octanol octanoate
2-butanone 2-octanol decanoate
2-pentanone laurate
diacetyl
2,6-hexanedione
ethyl
formate
butyrate
hexanoate

Table 1 lists the volatile compounds
identified in the ham. Most of these
compounds are not unique for country
cured ham, having been found in the
volatiles of cooked meats (Hornstein
et al., 1964; Ockerman et al., 1964).
Ockerman et al. (1964) also found n-
butanal, n-pentanal, 2-butanone, 2-
pentanone, and diacetyl in the volatile

fraction of country cured ham. Some

of the more volatile carbonyls reported .

by Ockerman et al. (1964) were not
found during this investigation and
could be due to the treatment of the
distillate before gas chromatography
analysis. Ockerman et al. (1964) con-
verted the earbonyls in the distillate to
2,4-dinitrophenylhydrazones and regen-
erated them with alpha-ketoglutarie
acid before injecting them into the gas
chromatograph. Also, their procedure
did not enable them to detect any alco-
hols or esters in the ham volatiles.

Many of the aleohols listed in Table
1 were identified in cooked chicken by
Minor et al. (1965). Important pre-
cursors of these aleohols could be lip-
ids (Keeney, 1962). Very few of the
esters isolated from aged hams have
been reported in studies of other meat
volatiles. Esterification, of the large
number of free fatty acids present in
aged hams may be the source of these
esters. ’

Carbonyl compounds. The carbonyl
compounds identified in the lipids of
country cured hams are listed in Table
2. All compounds could not be detected
in every sample. Some of the com-

pounds were found in small concentra- -

tions and may have been lost during
the isolation of earbonyls from the
samples. Also, the types of compounds
produced by lipid autoxidation depend
upon the fatty acid composition of the

Table 2. Carbonyl compounds in coun-
try cured ham lipids.

alkanals alk-2-enals alk-2,4-dienals
methanal hex-2-enal hepta-2-,4-dienal
ethanal hept-2-enal nona-2,6-dienal
propanal oct-2-enal deca-2,4-dienal
n-butanal non-2-enal undeca-2,4-dienal
n-pentanal dec-2-enal dodeca-2,4-dienal
n-hexanal undec-2-enal
n-heptanal dodec-2-enal
n-octanal
n-nonanal
n-decanal

n-undecanal
n-dodecanal

lipids, which could be influenced by
the diet of the hogs (Craig et al.,
1964). With the exception of n-
heptanal n-dodecanal, dodec-2-enal, and
undeca-2,4-dienal, all the compounds
listed in Table 2 have been identified
as oxidation products of pork fat (El-
lis et al., 1961; Gaddis et al., 1957).
These compounds were found, however,
in autoxidation studies of other lipids
(Hoffmann, 1962). Different techniques
used to isolate the carbonyls from the
fats could account for the differences
obtained by various workers.

Lipid and protein degradation prod-
ucts. The large amount of lipid and
protein degradation that occurred dur-
ing aging of the hams agrees with the
findings of others (Kemp et al., 1957;
Ockerman, 1961; Craig et al., 1964).
Large variations in the concentrations
of total free fatty and amino acids
were found in hams produced in vari-
ous plants in the United States (Ta-
bles 3, 4, 5). This was expected be-
cause the hams were aged for different
periods of time and at different tem-
peratures. Also, some of the processors
controlled humidity while other firms
cured the hams in natural humidity.

Hams collected from Missouri, Geor-
gia and Kentucky contained high eon-
centrations of free fatty acids in the
fat surrounding the lean. (The proces-
sors in Georgia and Kentucky aged

_ their hams at higher temperatures than
did the other firms, while the hams
from the plant in Missouri were aged
longer.) This was not true, however,
for the free fatty acids of the lean.
Hams collected in North Carolina and
Virginia had more free fatty acids in
the lean meat than did other hams.
This could be due to the reaction be-
tween fatty acids and other constitu-
ents of the lean in the hams aged at
higher temperatures or for longer
periods.

The relative composition of fatty
acids varied from sample to sample.

Table 3. Free fatty acids in commercial country cured hams.

Origin of Hams

) Iowa (fresh) Kjy. N.C. Va. Ga. Mo.
Fatty acid no. mg/g fat

8:0 T1 .05 T T T T
10:0 T .14 .09 .09 T 12
12:0 .03 .08 .03 .04 T .09
14:0 .05 1.54 1.55 .64 3.37 2.06
16:0 1.18 12.93 10.78 10.94 23.80 20.58
16:1 .18 2,27 1.56 2.46 5.76 2.98
18:0 1.30 10.06 9.27 4.23 27.72 22.84
18:1 3.88 29.58 32.18 20.92 77.68 48.89
18:2 1.44 14.45 1.21 7.75 27.86 15.51
18:3 .07 1.89 .69 .49 4.38 2.36
20:0 .06 2.29 1.07 .76 4.16 1.06
20:1 .04 .64 .53 .86 2.06 1.17
20:2 T .56 42 .39 .85 T
20:4 T T T T 2.39 5.13
Total 8.23 76.48 59.38 49.57 180.03 122.79

1T = Trace.



The lipid eomposition of pork is af-
fected by the feed the hogs consume
(Craig et al., 1964). The lipid compo-
sition of the pigs’ diets was likely dif-
ferent and would account for the differ-
ence in fatty acid composition of the
‘hams. The degree of proteolysis that
oceurred in the hams also varied be-
tween hams. As with lipolysis, this ean
be related to the temperature and
length of aging of the hams (Table 5).

Flavor of country cured ham. Re-
sults of this study indicated that the
flavor and flavor precursors of country
cured hams were not water soluble. An
aroma typical to country cured hams
could be obtained by steam distillation
at 60°C under reduced pressure. A
raw country cured ham has an aroma
and flavor quite different from fresh
pork. This indicates that the country
cured flavor is produced during aging
of the hams. When the hams are
cooked, this aroma and flavor is inten-
sified, thus indicating that the heating
process accelerates some of the reac-
tions involved in producing the country
cured flavor. The degradation products
of the ham lipids are important flavor
compounds and undoubtedly include
precursors that are converted to flavor

compounds when heated. The carbonyl
compounds produced by autoxidation
of the lipids contribute to the flavor of
the hams. Free fatty and amino acids
contribute to the flavor of many foods
(Day, 1967) and must be important in
the flavor of country hams.

Although many chemical components
were found in country cured hams, no
attempt was made in this investigation
to correlate any single compound or
groups of compounds to the flavor of
country cured hams. This is an impor-
tant part of flavor research and should
be investigated in future work.
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Holding Raw Fish (Red Hake) in Isopropyl
Alcohol for FPC Production

David Dubrow and Olivia Hammerle
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SUMMARY .

Whole, ground, red hake were stored
in 919 isopropyl aleohol for 1, 2, 4, 7
and 11 days at room temperature.
After each storage period the fish were
processed into FPC and analyzed for
proximate ecomposition, amino acids,
available lysine and the nutritive qual-
ity of the protein. The results indi-
cated that small losses in nitrogen
occurred, thus decreasing yield. First-
stage solids were analyzed for total
bacterial content and did not show any
increase with storage time. The nutri-
tive quality was not impaired and the
PER’s were found to be significantly
higher than casein. :

Analysis of the storage aleohol
showed increases in soluble nitrogen
with storage time, which appear to be
indieative of enzymatic proteolysis and
solution of nitrogenous material.

INTRODUCTION

A prerequisite to the manufacture
of fish protein concentrate is the prime
quality of the raw material. Prefer-
ably, the fish should be handled as at
a day or overnight fishery. -The fish
should be preserved by-some suitable
means from ship to shore and then
processed immediately.

Such ideal procedures, however, are
not always possible. Fishing boats
may have to make longer trips than
anticipated; preservation procedures,
such as holding the fish in ice, can be
very costly and cumbersome; often-
times the catch of fish exceeds the ca-
pacity of the plant and must be held;
breakdowns in the plant may interfere
with processing schedules. Provision

must be made, therefore, for the stor-
age of fish in a manner that maintains
quality. In considering the Bureau of
Commercial Fisheries process for the
manufacture of fish protein econcen-
trate, the suggestion has been made
that the raw, ground fish be stored in
isopropyl aleohol (IPA) on the boat
or in the plant.

Isopropyl alecohol has been shown to
act as a good preservative for cod fish
livers (Guttmann et al., 1957; Jan-
gaard et al., 1965). Furthermore, the
solvent was found to inhibit lipolytie
enzymes and bacterial growth in fillet
waste for periods up to 3 months
(Guttmann et al., 1967). No results,
however, have been reported relating
storage of whole lean fish in IPA, the
raw material for FPC production, to
yield, eomposition, and nutritive qual-
ity of final produet.

Therefore, a study was initiated to
determine the effect of IPA storage of

whole fish on the FPC prepared
from it.
EXPERIMENTAL

Processing methods. One -hundred.

and twenty pounds of red hake (Uro-
phycis chuss) were caught off the coast
of Rhode Island, iced on the vessel,
frozen at the doek, and then shipped
to this laboratory. The frozen fish
were ground through a Hobart grinder
having a lg-in. end plate and then
divided into six lots, each weighing
20 pounds. Each lot was then placed
in a battery jar containing 91% v/v
IPA at a w/w ratio of 1:1.3 (fish-

Bureau of Commercial Fisheries, Technological Laboratory, College Park, Maryland 20740

azeotrope IPA ratio) and stirred con-
tinuously for 5 min at high speed
using an air-driven stirrer.

The battery jars were then covered
with aluminum foil and held at room
temperature (22°C = 2°) for 1, 2, 4,
7 and 11 days. Each lot was pro-
cessed into FPC in the manner de-
seribed by Brown et al. (1969).

Analytical methods. Chemical analy-
ses. Chemical analyses of the FPC
products for crude protein, ash, and
volatiles were performed in accordance
with AOAC techniques. Total lipids
were analyzed by the method of Smith
et al. (1964). Amino acids were deter-
mined on an acid hydrolysate (Spack-
man et al, 1958) using a Beckman-
Spinco AutoAnalyzer. Available lysine
was measured by the method of Car-
penter (1960) and tryptophan in ac-
cordance with Spies (1949). Total ni-
trogen and lipid analyses were also
obtained on aliquots of filtered samples
of the storage alcohol. This alcohol is
considered in this report as the first
miscella.

Bacteriological analyses. Total plate
counts were determined on the raw
material prior to storage. In addition,
the material from the battery jars for
each storage period was centrifuged
and total plate counts were obtained
for these samples. Duplicate samples
were taken and plated in triplicate,
using Difco plate count agar. The
plates were incubated at 35°C for
48 hr or 20°C for 5 days.

Nutritive evaluation. Samples of
FPC prepared from IPA-stored raw
fish were fed ad libitum to male albino

‘



